Customer service is crucially important for online shopping platforms (OSPs) such as eBay and Taobao. Based on the wellestablished service quality instruments and the scenario of the specific case on Taobao, this paper focuses on exploring the service quality of an OSP with an aim of revealing customer perceptions of the service quality associated with the provided functions and investigating their impacts on customer loyalty. By an empirical study, this paper finds that the "fulfillment and responsiveness" function is significantly related to the customer loyalty. Further analytical study is conducted to reveal that the optimal service level on the "fulfillment and responsiveness" function for the risk averse OSP uniquely exists. Moreover, the analytical results prove that (i) if the customer loyalty is more positively correlated to the service level, it will lead to a larger optimal service level, and (ii) the optimal service level is independent of the profit target, the source of uncertainty, and the risk preference of the OSP.
Introduction
Observing from the popular and growing trend of electronic commerce (e-commerce), there is no doubt that business such as those selling fashion-related products can now use the Internet to interact with customers and gain the competitive edge. The critical determinants of success in e-commerce cover not only the low price strategy but also its service quality (i.e., e-service quality) [1, 2] . In the literature, Zeithaml [2] defines e-service quality as an overall customer assessment and judgment of e-service delivery in the virtual marketplace. To measure the customer perceptions of service quality, the SERVQUAL model, which was first developed by Parasuraman et al. [3] , has been widely adopted. The SERVQUAL model includes five dimensions, namely, tangibles, reliability, responsiveness, assurance, and empathy. Previous studies on the measurement of e-service quality focus on the "rewording" of the original scale items of the application of the SERVQUAL model. Yet, service researchers ought to pay extra attention to e-services in the field of service quality, because assessing service quality in e-commerce might be different from that in physical marketplace service [4] . As such, it is necessary to reformulate the SERVQUAL scale items in e-commerce context [5] .
With the prevailing trend of online shopping in Hong Kong and China, http://taobao.com/ becomes one of the hottest online shopping platforms (OSPs) despite its keen competition with internationally renowned companies such as yahoo auction and eBay as well as domestic companies such as Jingdong and Dangdang. Yahoo auction and eBay enable consumers to search for products globally and hence have their niche. However, it is interesting to observe that http://taobao.com/ has successfully penetrated into the Hong Kong and Macau e-tailing markets by its price leadership, special features, and a wide product range. More importantly, http://taobao.com/ also enjoys the geographic advantage of pooling local sellers together with a low local delivery cost, and convenient and unobstructed communication with seller. The exclusive functions featured in http://taobao.com/ include (i) Searching Functions, (ii) Guarantee of Trade Safety, (iii) Aliwangwang, (iv) Alipay, and (v) Taodot. All these features of http://taobao.com/ are then able to 2 Mathematical Problems in Engineering For the research goal and contribution: first, by modifying the SERVQUAL model, this paper attempts to derive the instrument dimensions of e-service quality from the functions featured on http://taobao.com/ and to develop a research model to examine how its e-service quality dimensions affect the customer loyalty. To achieve this research objective, empirical data is collected from 195 online consumers (who have purchased fashion products (as a remark, in this paper, in order to be more concrete, we focus on examining the consumers' experience in purchasing fashion products) on http://taobao.com/). Second, based on the empirical finding, this paper further analytically develops and explores the optimal service decision on the function which is critical to the OSP. We believe that the research findings derived from this paper can contribute to the literature on service management, and they also provide important managerial insights on OSP's operations.
Literature Review

Review of Related Empirical Studies and Models.
SERVQUAL is a multiple-item scale for measuring customer perception of service quality [3] . According to those five dimensions of the SERVQUAL model, we note that the tangibles dimension means the physical facilities and the appearance of personnel; the reliability dimension refers to the company's ability to perform the promised service dependably and accurately; the responsiveness dimension relates to the willingness to help customers and provide prompt service; the assurance dimension means the employee knowledge base which induces customer trust and confidence; and finally, the empathy dimension is about caring and individualized attention provided to customers by the service provider.
Recently, SERVQUAL scale has been employed to measure the corresponding system service quality in ecommerce [6, 7] . Most existing research on e-service quality measurement focuses on rewording the SERVQUAL scale items (e.g., [8] [9] [10] ). The challenges in measuring web-based service quality mainly come from the differences between web-based and traditional customer service. Parasuraman and Grewal [4] suggest that revisions of the classical SERVQUAL dimensions are necessary because for web-based service quality, customers interact with technology rather than the traditional service personnel. Moreover, several studies have proposed that the SERVQUAL scale items should be reformulated in the online shopping context [5, 11] .
As a remark, there are criticisms over the applicability of the SERVQUAL model. Among them, one important critique is on the fact that SERVQUAL's five dimensions are not universally applicable, and that the model fails to draw on established economic, statistical, and psychological theories [12] . In fact, the most significant criticism is the stability of dimensions and items across different industries [13] . Other criticisms include (i) its focus on the process of service delivery rather than the outcomes of the service encounter, and (ii) the probable respondent error from the reversed polarity of items in the scale in the consumer survey [12, 14] . Parasuraman et al. [15] also comment that the SERVQUAL is far from perfect as it is not general enough, but they argue that it does provide the basic skeleton for others to study service quality even though some degree of customization is probably needed (e.g., adding context-specific items). Although SERVQUAL's construct validity is being challenged, it is still the most widely used model employed to measure customer expectations and perceptions of service quality.
E-service quality is defined as how customers judge and evaluate the e-service being delivered to them [11] . On the evaluation of websites service quality, Parasuraman et al. [16] introduce the E-S-QUAL and E-RecS-QUAL scales which extend the SERVQUAL model in evaluating the service quality in the "online shopping context. " E-S-QUAL is a multipleitem scale consisting of efficiency (8 items), system availability (4 items), fulfillment (7 items), and privacy (3 items) dimensions. E-S-QUAL provides the first formal definition of Web site service quality and it is a framework for consumer evaluation of electronic services. Notice that Zeithaml [2] suggests that e-service quality is a multidimensional construct, and the electronic service recovery construct involves dimensions different from the core e-service quality. From eservice perspective, Parasuraman et al. [16] develop E-RecS-QUAL specifically to measure e-service quality, and this scale brings out a new perspective by utilizing valuable consumer information on service recovery issues. Actually, E-RevS-QUAL is a subscale that contains items focusing on handling service problems and inquiries, and being effective to those who used to have nonroutine behaviors on the online store.
The basic E-S-QUAL Scale (relevant for a Web site's entire customer base) is a four-dimensional, 22-item scale, whereas E-RecS-QUAL (relevant for the portion of the customer base with recovery service experience) is a three-dimensional scale with 7 items. E-RevS-QUAL is used to stimulate and facilitate additional scholarly research on e-service quality and also assist practitioners in systematically assessing and improving e-service quality together with E-S-QUAL [16] . Notice that Parasuraman et al. [16] cannot evaluate the validity and psychometric properties of the scale in their study due to the insufficient sample size [17] . The main reason of the limited sample size is that the number of consumers who encounter service problems is relatively smaller than those who do not. Hence, their study is neither fully generic nor absolutely reliable. Moreover, E-S-QUAL is still a recent model (2005) which requires more time to verify. As a remark, observe that there are different versions of the modified E-S-QUAL for identifying the best e-service quality dimensions with the goal of examining different online businesses [17] . Given the limitation of the existing models, this paper proposes and explores an empirical model which incorporates the service quality dimensions extracted from SERVQUAL, E-S-QUAL, and E-RevS-QUAL which we believe can appropriately represent and study the service quality in an OSP such as http://taobao.com/. (For some more recent literature on service quality related to online shopping, see Rossitier [18] , Ding et al. [19] , Ha and Stoel [20] , and Hu and Qiang [21] .)
Regarding the research motivation, notice that prior studies in the literature have suggested that perceived service quality positively influences customer satisfaction and purchase intentions [22, 23] . However, to the best of our knowledge, in the context of online shopping, the impacts of how service quality dimensions affect overall e-service quality and the customer loyalty are still under-explored. This paper, hence, contributes to the literature by partially filling this research gap. Moreover, by building the empirical data-based analytical model, we explore the optimal service decision for the OSP and derive various important insights.
Empirical Hypotheses Development.
After combining and synthesizing the existing construct of both service quality and e-service quality, based on the reviewed literature, we propose a perceived e-service quality construct for an OSP (ESQ-OSP) with http://taobao.com/ taken as the specific case. The proposed e-service quality model comprises 5 dimensions extracted from SERVQUAL, E-S-QUAL, and E-RevS-QUAL models, namely, efficiency, reliability, fulfillment and responsiveness, flexibility, and privacy as shown in Figure 1 .
We now describe each dimension under the proposed ESQ-OSP model. First, in Parasuraman et al. [16] , efficiency is reflected by whether the web site is simple to use, structured properly, and requires a minimum amount of information to be inputted by the customer. As a result, the online shipping platform is efficient if (i) it is easy for customers to find what they need, (ii) it enables customers to complete a transaction quickly, and (iii) the information provided by the web site is well organized. Thus, service quality of the searching functions of http://taobao.com/ can reflect its efficiency. Therefore, we have the following hypothesis.
H1: efficiency positively influences the customer loyalty of http://taobao.com/.
Reliability here refers to the consistency of performance and dependability of companies [3] . Reliability can make customers recognize the consistency and credibility of the company. In e-commerce, it is vital to make customers trust the promises that the OSP made. Obviously, "The Guarantee of Trade Safety" function of http://taobao.com/ is related to ensuring reliability, and it is hypothesized to influence customer loyalty:
H2: reliability positively influences the customer loyalty of http://taobao.com/.
Fulfillment refers to the extent in which the website's promises on order delivery and items availability are fulfilled. To be specific, fulfillment is reflected by whether the OSP can ensure items being available to delivery within an acceptable time frame and guarantee quick delivery as promised [16] . For http://taobao.com/, the functions of Aliwangwang are able to represent fulfillment. Responsiveness means the effective handling of problems and returns through the site. It provides customers with convenient options for returning items. The website promises to handle product returns and offers a meaningful guarantee so that customers would feel more comfortable [16] . As one of the service quality dimensions, contacting the seller through Aliwangwang reflects the responsiveness of http://taobao.com/. Therefore, it is hypothesized that: Privacy refers to the degree to which the website is safe and customer information is well-protected. This dimension holds an important position in e-commerce and is critical in e-service. Customers perceive significant risks in the virtual environment of e-commerce stemming from the possibility of improper use of their personal financial data. The privacy function in http://taobao.com/ is mainly associated with Alipay. Accordingly, it is hypothesized that:
H5: privacy positively influences the customer loyalty of http://taobao.com/.
Review of Related Analytical Models.
In the literature on analytical research, there are many recent studies related to the optimal service decision. For example, Xiao et al. [24] explore the optimal service strategy with optimal pricing decisions in a retail supply chain with risk averse players. They consider the situation in which the retailer has to choose whether to provide a service guarantee (SG) or to provide no service guarantee (NSG). They relate the optimal choice to the supplier's degree of risk aversion and the consumer's sensitivity to service reliability. They find that endogenization of wholesale pricing decision will raise the retailer's motivation to adopt SG strategy if the consumer is sufficiently risk averse. Choi [25] examines the optimal service charge for consumer product returns under mass customization operations. He explores two cases which cover the scenario when the mass customization company is risk-neutral and risk-averse. He derives the closed-form expression of the optimal return service charge for each case. He analytically shows how the mass customization company's degree of risk aversion affects the optimal return service charge policy. In addition, he derives the analytical conditions under which it is optimal for the mass customization company to offer a free return with a full refund policy. Hu and Qiang [21] investigate an online supply chain analytical model which is consisted of manufacturers, express service providers, and electronic retailers. They consider the situation in which consumers who purchase products from the electronic retailers can choose to adopt the express delivery service or simply pick up the products themselves. At the same time, the express service companies can invest on service quality improvement. They develop the variational inequality formulation and generate insights via exploring the equilibrium. As reviewed above, it is evidenced that analytical modeling research is commonly adopted to explore optimal service decisions and strategies in the literature. However, to the best of our knowledge, none of them explore the problem associated with the empirical service quality framework. Thus, we believe that this paper is the first one which investigates the service quality problem for OSPs by combining both empirical and analytical approaches.
Data Collection and Empirical Data Analysis
A consumer questionnaire survey is conducted. 250 questionnaires are distributed via social network websites under a convenience sampling approach. Receivers are invited to complete the questionnaire if they know http://taobao.com/ and have visited it. 190 valid questionnaires are received and employed for statistical analysis finally.
The questionnaire is divided into 8 parts. The first part is used to collect the demographic data of the respondents. The second part is employed to examine the purchase behavior of the respondents on http://taobao.com/. The rest of the questionnaire is divided into 6 subparts to investigate the perceptions of http://taobao.com/ users on the 5 functions provided by http://taobao.com/ and their loyalty towards the Mathematical Problems in Engineering 5 OSP. The 7-point Likert scale is used, in which 1 represents "strongly disagree" and 7 represents "strongly agree".
Descriptive Statistics.
Among all the completed questionnaires received, 64% of the respondents have purchased fashion products on http://taobao.com/ before while 36% have not. Thus, the remaining analysis will be based on the responses of these 64% of the collected sample in order to get valid data. To be specific, these consumers are considered as http://taobao.com/'s customers (for fashion products). The percentage of the http://taobao.com/ customers who browse products on http://taobao.com/ daily occupies 8%. 13%, 11%, and 26% of http://taobao.com/'s customers browse products on http://taobao.com/ 2-3 times a week, once a week, and 2-3 times per month, respectively. The percentages of the http://taobao.com/'s customers who buy products via http://taobao.com/ daily, 2-3 times a week, once a week, and 2-3 times a month are 3%, 2%, 2%, and 11%, respectively.
Regarding spending, 75% of the http://taobao.com/ users spend less than $500 on http://taobao.com/ monthly. 19% of them spend $500-1000 on Tobao.com monthly. 2%, 1%, and 3% of the users spend $1000-1500, $1500-2000, and more than $2000 on http://taobao.com/ monthly, respectively. Regarding the users shopping experiences on http://taobao.com/, ranking their enjoyment (in a 1-7 scale with 7 being the best), more than half of the respondents score their enjoyment level strictly above 4 (64%). 36% of them score as score 5 which represents the greatest group, 23% of them score as score 6, and 5% of them rank it 7. The percentage of score 4, which means neutral excitement, occupies 15%. The percentages of low scores 1, 2, and 3 occupy 5%, 5%, and 11%, respectively.
Hypotheses Testing.
Before testing hypotheses, we first conduct the reliability test to assess the internal consistency of the variables. Reliability test is measured by the Cronbach's alpha in which the alpha value of 0.7 or above is widely recognized as an acceptable level of reliability [27] . The Cronbach alpha values for Searching functions, Guarantee of Trade Safety, Aliwangwang, Alipay, and Taodot are found to be 0.933, 0.919, 0.956, 0.958, and 0.921, respectively. All of them are higher than the acceptable level. Besides, the seven questions of customer loyalty are tested in this part. The Cronbach alpha value of the customer loyalty is 0.905 which also exceeds the acceptable level. Thus, we conclude that all these dimensions are sufficiently reliable. Next, we proceed to test the relationships of the five featured functions and customer loyalty by performing multiple linear regression analysis. It is shown that there is a statistically significant relationship between customer loyalty and the Aliwangwang function. The related statistical results of hypotheses are summarized in Table 2 . As such, hypothesis H3 is supported (more details on the statistical analysis can be found in thesis research of Kwok [26] ).
Empirical Findings and Insights
From the above empirical analysis, first of all, we know that the factor of "fulfillment and responsiveness (Aliwangwang function)" is the most critical one as it most strongly affects customer loyalty of http://taobao.com/'s customers (who purchased fashion products before). Observe that this result is consistent with the findings in the traditional service context which suggests that customers expect quick feedback on their requests and suggestions for improvements [2] . For http://taobao.com/'s case, it can be explained by the function of Aliwangwang which provides instant messaging for http://taobao.com/'s users to send messages to the sellers. This enhances the fulfillment of http://taobao.com/ users on queries and needs related to product delivery and item availability. This function also can reduce the customers' doubt on the product that they want to buy and further confirm their purchase decision. In addition, the customers can contact the sellers whenever the sellers are online with a simple click. This function extends the accessibility of the sellers/online stores without the control of the store operating hours. With Aliwangwang, http://taobao.com/ users are able to obtain adequate product information even if it is not given on the product web page. It increases the convenience of http://taobao.com/. Since it is a unique feature provided by http://taobao.com/ but not its close competitors, it becomes a major niche for http://taobao.com/.
Second, observe that only one hypothesis among the proposed five is proven to be true statistically. A possible reason may be given as follows. Unlike the traditional physical store or other kinds of online electronic retailers such as http://www.amazon.com/, etc., http://taobao.com/ is an online marketplace in which there are thousands of independent retailers. As a result, customers' perception on the service quality and their loyalty towards the OSP may be affected by their buying experience with the individual retailers. Owing to the fundamental differences, many hypotheses which apply for the more traditional bricksand-mortar retailing/electronic retailing do not hold for the OSPs such as http://taobao.com/. In addition, notice that in http://taobao.com/, communication with individual sellers is especially important. In fact, customers would like to gather more information so that they can make better choice from a large variety of independent retailers selling similar products on the platform. This accounts for the support of Hypothesis 3 (which is about Aliwangwang and related to communication aspect).
Third, we know that a higher level of "fulfillment and responsiveness (Aliwangwang function)" will lead to a higher level of customer loyalty. According to Edvardsson et al. [28] , customer loyalty will positively affect the revenue of the OSP, it will be thus interesting to analytically examine whether there exists an optimal level of "fulfillment and responsiveness" for the OSP. We, hence, further conduct an analytical study in the next section.
Analytical Service Optimization Model and Findings
Based on the empirical findings from Section 4, we proceed to build an analytical model for further analysis. First, from the linear regression analysis conducted in Section 4 (see Table 2 ), we notice that the level of customer loyalty is related to the level of "fulfillment and responsiveness" in a linear function as follows,
where , > 0. Second, since it is intuitive that a higher level of customer loyalty will "stochastically" (it means expectedly, the revenue should be higher but the exact magnitude is unknown) lead to a higher revenue ( ) for the OSP such as http://taobao.com/, we have the following:
where (i) ( ) is an increasing function of . For analytical tractability, we further assume ( ) as a concave function.
(ii) is a random variable which captures the noise (i.e., uncertainty) associated with ( ). Following the literature [29] , we model it to follow a symmetric distribution such as the normal distribution with a zero mean and constant variance 2 . Third, providing a higher level of "fulfillment and responsiveness" requires resource. We, hence, define the respective cost as ( ) which is an increasing function of . Similar to ( ), we assume ( ) as a convex function for analytical tractability. Notice that the above functional definitions are all intuitive and rather general.
With the above model, we can derive the profit ( ), the expected profit [ ( )], and the variance of profit [ ( )] as functions of as follows:
Because e-business is known to be a risky operation, we argue that the OSP has concern on risk and possesses a risk averse attitude [24] . As such, we employ the following meanvariance safety first measure (SFM( )) as the objective function (for the modeling of risk averse optimization objectives, see Xiao and Choi [30] , Chiu and Choi [31] , Chiu et al. [32] , Choi and Chiu [33] , Choi et al. [34] , Choi [35] , and Shen et al. [36] ) for the OSP as follows:
where is the expected profit target that the OSP wants to achieve. For the meaning behind SFM( ), please notice that by Bienayme-Tchebycheff inequality, we have the following inequality:
Thus, the RHS of (6) gives the analytical upper bound for ( ( ) ≤ ). Obviously, maximizing SFM( ) yields a minimized upper bound for ( ( ) ≤ ) and hence SFM( ) is called the safety first measure (see [37] ). With the above model, we define (7), and then have Proposition 1. Notice that ( ) and ( ) are the first order derivatives of ( + ) and ( ), respectively, and they also represent the corresponding slopes as follows:
Proposition 1. * uniquely exists and it is equal to arg { ( )/ ( ) = 1}.
Proof of Proposition 1. All proofs are placed in the Appendix.
Proposition 1 first presents the uniqueness feature of the optimal level of fulfillment and responsiveness (i.e. optimal service level) which maximizes the safety first objective. It then reveals that this optimal service level is the one which equalizes ( ) and ( ). In other words, when the rates of change of ( + ) and ( ) are the same, the corresponding service level is optimal. From Proposition 1, we have Proposition 2.
Proposition 2. (a) A larger implies a larger
is independent of and .
Observe that a larger means that the customer loyalty is more positively correlated to the service level . Proposition 2(a) hence indicates that it will lead to a bigger optimal service level because the optimal solution refers to the one which balances the increase of revenue ( ) and rise of cost ( ). It is also interesting to note from Proposition 2(b) that * SFM is independent of and . This finding can be explained by the fact that the variance of profit [ ( )] is a constant which is independent of the service level . Thus, the corresponding optimal service level is not related to as well as the expected profit target , and will in fact behave like the risk neutral case as shown in Proposition 3 below.
Proposition 3.
* uniquely exists and * SFM = * .
Proposition 3 shows a rather surprising result that the risk averse and risk neutral OSPs will have the same optimal service levels for this particular case. In other words, irrespective of the risk preference, the optimal service level is the same. This finding is important because it shows the fundamental difference between different kinds of operations management problems. For example, for inventory planning under uncertainty, the optimal inventory decision for the risk averse and risk neutral cases will be different. However, in service optimization, the situation can be different as shown here.
Concluding Remarks
We conclude by discussing some research implications derived from the discussions above. First, the empirical findings suggest that in order to enhance customer loyalty, online stores should develop marketing strategies to enhance "fulfillment and responsiveness" since they strongly affect customer loyalty. http://taobao.com/ has devoted valuable corporate resources to it and we argue that http://taobao.com/ can further improve the functions of Aliwangwang to achieve even better communication between the sellers and http://taobao.com/ users. Some probable enhancements including inserting flash games and converting to smartphone apps can all help to attract the http://taobao.com/ users to use Aliwangwang. Furthermore, http://taobao.com/ can make use of Aliwangwang to obtain personalized data related to the customers' preferences. As a result, a higher degree of web site customization (e.g., based on past purchases and other customers' information collected) can be provided to individual customers.
Second, for the empirical result driven analytical studies, we find that the optimal service level on "fulfillment and responsiveness" function for the risk averse OSP uniquely exists and can be expressed as the service level which balances the increase of revenue ( ) and the rise of cost ( ). We further show that if the customer's loyalty is more positively correlated to the service level , it will lead to a larger optimal service level. Moreover, the optimal service level under the safety first objective is independent of profit target and uncertainty threshold . Finally, we analytically prove that the optimal service level does not depend on the risk preference of the OSP.
For future research, there are two directions. Empirically, it is useful to examine more functions of OSP such as http://taobao.com/. This paper only focuses on the several core functions specifically adopted by http://taobao.com/ and there are some more which deserve further explorations. Besides, unlike the traditional bricks-and-mortar and electronic retailers, the operation of http://taobao.com/ involves thousands of independent sellers. As a result, the customers' perceived service quality of the platform would be considerably affected by their buying experience with individual sellers. In the future, it is worth investigating the modification of the existing service quality-scale measurement to cater for this specific type of new business model. The second direction for further studies relates to the theoretical analysis based on more comprehensive economics analytical models. We believe that the findings revealed by this paper can lay the foundation for many further empirical and analytical studies. 
Appendix All Proofs of Propositions
